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TECHNICAL REPORT NO.   5 

THE PREPARATION OF MANUAL DICTIONARIES OF ASSOCIATION 

In the previous report, we iixplained the logical sig- 

nificance of the symbol "*" to be read M!s associated with" 

snd the symbol "," to be read as "and" between classes.    In 

this paper,  w*s will describe the method of preparing manual 

diet««"*ries of association for any  system of information. 

Lei    iJS    COiiSlucr   «   System   OJ    > tixGriiiat • •>";    S,    COmpiT* »»"y 

N items of information (documents, reports,   books, etc.) in- 

dexed by the terms t», t<>,  .... t_„    The sets of terms used to 

analyze or index the items of information will be designaied 

by Ij.  I2*   ...t  Ijjt the subscript of any I indicating the num- 

ber of the document indexed by that  set of terms.    The  set of 

terms associated with any given terra t,. we will call Pr; 

tv €   P„   =   tv * U.    Thus Pi. Pi. etc. will  ccnstltute the 

•'pages'* of our dictionary.    We shall v»rite tj; * Pr if t^ is 

associated with each term of P>. 

The three elements which determine the size cf any 

system are; 

The number ot  Items,  N 

The number of terms,   n 

The average number of terms used to analyse 

each  item,   tr {.number of terms in Iw) 
N 

€ "  m,...(iS   "he Sr..:U.s   W 
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As in Technical Report No. 3. we shall essur?te that S contains 

50,000 items analyzed by Ij, I2, .... I5Q gggj and that each 

I is a unique set of 10 terms chcsen from tj, t2, ..., *5,000» 

There are many ways to organize an S so that the actual 

associations of the systen can be exhibited. But it will be 

recalled thst ti>e number of actual associations in s systrsr of 

50,000 items each analyzed by  10 terms wiii range from 25,000,000 

tc 50.000.000. This means that although we could arrange all 

the associations in a iir.sar alphabetical card file, the file 

would contain upwards of 25.000,000 cards and would be IOJ 

big to be useful. We could alsr» set up a file in svhich each 

I was recorded Just once. Such a file would contain only 

50,000 cards,  But we would not know how to arrange it, since 

each I has 1023 potential filing positions. As a random 

IBM file, the search for any t^ would involve the sorting of 

50,000 items. Such a search would yield a group of I*s con- 

taining tr. 

Let us assume that such a search yielded 200 I ,s. The 

iiunsber of terms in such a group would be 2000 but many of these 

might be duplicates. We would thus have to examine the 200 card; 

to list the different t's and eliminate duplicates. If now we 

asked Tor all tj^'s for K-hich tj, * ir * ts, we could sesori our 

200 I*s to determine which ones contain both tr end ts. This 

whole process is also too laborious to be a practical method. 
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The method we have chosen for the Initial preparation 

of dictionaries which exhibit the association of any group is 

as follows* 

Suppose any term tr appears in sets Ij, 12, .... I200« 

w- then construct PT, which includes all distinct terms con- 

tained in any set which contains tr, that iss all the terms 

of Ii, ig* »•*• -200- ,T?in5 materials we had indexed for 

another project, we selected ihree terms from the vocabulary 

set, namely, Wnves (t9)j Boundary (tjJi and Lamination, Lami- 

nar (tc). 

For each of these terms we constructed a "page" by 

listing in sequence all other terms associated with them. 

t? appeared on 52 items and in association with 24? other 

terms. This indicates that many terms were duplicated in 

analyzing the 52 items. Otherwise the P8 associated with ta 

would have contained 468 terms, tb appeared on 43 items, 

associated with 204 different terms; and ?.c appeared on 40 

items associated with 160 terms. The three "pages'* are pre- 

sented ns Exhibits 1, 2, and 3. 

If we enumerate the members of Pa, we have 

*a * ^*i» 12« tfl* •••>• Since A * A» tB t Pa. Further, if 

-B * tb* 
tl,en both Pa and Pj> will contain t8 and t^. Thus, 

if "waves" is associated with "laminar" in S. we would dis- 

cover on the page for "waves" and on the page for "laminar" 

th* terms "waves" and "laminar". 
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Suppose we write out (Exhibit 4) all the terms common to 

Pa and P*D. The terms common to Pa and Pb constitute the 

logical product of the two sets and we can alweys write 

(t8, tb) * (Pa X Pb>, but not (ta * tb> * (P„ X Pb,\ That iss 

the terms which are common to the two lists are associated 

with "waves" and with "laminar", but not necessarily with 

both at once (In th** ssim^ doc-WR?ni)s 

Suppose now wc write out the words which are common 

tc cur three pages (Exhibit 5), that is (ta, tb, tc) * 

/TPa X Pb) X Pc2?, Our result will h* 

'~a» ^b« *x'  '^a« *b« ^c« •••' 

since each is associated with the other two. Here again, it 

is important to note that wc still have not advanced beyond 

B phain of pairs of associations; tg * tbj ta * tc; tb * tc, 

etc. The fact that ta, t. and tc belong to Pa X Pb X Fc dees not 

imply that ta * tb * lc. 

The same information is given by a simple punched card 

system. We ran design a card for each term or "page" with 

5000 dedicated positions for t\,  t2? .... t5 OQQ» numbered 

from 1 to 5000, The seventh ho)e, for example, is punched on 

every card representing a P to which t-j  belongs, including, of 

course, Pj. Thus any P can be represented by a card on which 

oil the KMjiiiuefs of P are  punched in fixed pre-assignsd posi- 

tions. 



The set of associations 

<V tb» *c} * (to. tb, tc, ..... 

will be given immediately by the punched holes common to all 

three cards P„. Pw. and P„ since each common hole represents 

-.   MAMLM.    — •*   n      v   n.     v   n o..*    - _..-._   -..-.   ...i --~ ~A   * «   «I*A   frttta a   iircnujt:i    vx    i_    A   IK   A   i.i       UUL    ?uppvsc   m;   msticQ   10   USe   lnl8 

same simple method of superimpcsitior. tc find ta * tj, * tc. 

We would then have to construct P., Pof etc. by listing on 

trny   Ty   a I i   tine   t-tcirn  COniUiUtltzOiiS   luliiei    iiiau   the   ssi'tyte 

terms associated with tj<. On uny  single "page?" the number 

of actual 2-termed combinations (tj * t?). (i? * t«>), (tj * ig)f 

etc. might not be appreciably larger than the number of 

single terms, but in order to use superimposition of punched 

cards to find any associated pair associated with s third 

term, (ta * tjj) • tc, we would require s dedicated position 

«...   _.-L _ A       »    r c    ne\r\   » v..»    c -u    -*•   »u. VII    <ncn,ll     l.elllt(     IIUI.    ivi     w-\j\.#w    itritio    tfUl     1UI     CBl.ll    UA     ll!C 

5000 X 4999 possible or potential pairs. A card with that 

many dedicated positions is a practical absurdity. 

We certainly will find it necessary to go beyond such 

chains and to discover whether in any specific ca»? the 

associations ta * i^,  tg * tc, t^ * tc are in S because t8, tj,, tc 

are contained in a single set Ij, that is, (ta * tD * tc) or 



- O - 

whether the associations represent three separat? sets 

I2 <ta * tc) 

Y.-» ft.  » t ^ 

It appears, st this stage of our investigations that 

the indexing machine we have designed for other purposes can 

also be used to answer such questions quickly and automati- 

cally, and the next report will describe iise indexing machine 

with particular reference te its use in problems involving 

the association of ideas,, 
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